Sandia's GaAs transistor promises speedier computers  by unknown
GaAs Advances 
Sandia’s CaAs transistor 
promises speedier computers 
I Improvements in the transistors of the future may not rely on decreasing its size but rather on a radical change in operation made possible by a quantum mechanical transistor created at Sandia National Laboratories in Albuquerque, New Mexico, USA. 
T he gallium arsenide quantum mechanical transistor is the equivalent of turning on a 
light bulb without closing a 
switch: electrons ‘tunnel’ from path 
to path through a barrier that, 
according to classical physics, is 
impenetrable. 
The process takes place with 
extreme rapidity. In effect, they 
have tunnelled under an energy 
barrier the same way cars use a 
tunnel to appear at a new location 
without having to drive over an im- 
possibly high summit. The atomic- 
scale effect is explained only by 
quantum mechanical principles. 
“We have demonstrated real 
circuits that work and are easily 
fabricated,” says Jerry Simmons, 
leader of the Sandia development 
Figure 1. Jerry Simmonds inspects the end 
of a cryogenic sample holder for performing 
electrical measurements on the DELTT 
quantum mechanical transistor. 
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team.“It is not ready to be sold yet, 
but it is a significant advance.” 
The device, dubbed DELTA 
(Double Electron Layer Tunnelling 
Transistor), offers promise of 
significant improvements in the 
speed of computers and in the 
accuracy of sensors. The first 
paper on its development was 
delivered at the ‘International 
Electron Devices Meeting’ (IEDM 
1997) in Washington, DC, USA, in 
December last year. A research 
paper on DELTT has been accepted 
for publication by Applied Physics 
Letters, while Sandia has applied for 
one patent and is preparing others 
on the device. 
A trillion operations a 
second? 
The very fast device may run at a 
trillion operations a second, as have 
other, more primitive tunnelling 
devices.This is roughly ten times the 
speed of the fastest transistor cir- 
cuits currently in use. Actual speed 
has not yet been measured, says 
Simmons, because it is “not easy to 
measure such high speeds, which 
are near the limits of what can be 
measured with conventional equip 
merit.” The extremely fast 
device also runs at extremely low 
power - tens of millivolts and mi- 
croamps - as compared with the few 
volts and milliamps needed by tran- 
sistors currently in use. 
That electrons travel so rapidly in 
the DELTI GaAs transistor means 
that normal electrical processes that 
slow down transmission of informa- 
tion - like scattering of electrons by 
crystal imperfections that behave 
much like potholes in the electrons’ 
pathway - can be minimized. 
From Sandia’s point of view as a 
national defence laboratory, the de- 
vice might someday be put to 
work in satellites and smart mis- 
siles to process information faster, 
with less payload and much lower 
power consumption than today’s 
devices. 
Because the device is also tun- 
able, it could act like an energy 
spectrometer on a chip.This could 
allow sensitive detection of chemi- 
cal and biological species like 
nerve gas and anthrax, helping to 
combat biological or chemical ter- 
rorists by allowing more rapid and 
reliable detection of minute con- 
centrations of toxic materials at 
customs and airports, on the battle- 
field and via airborne platforms. 
Other possible uses of the modi- 
fied structure would be as an 
optical detector in the far infrared. 
Incoming photons would be used 
to add energy needed for a transi- 
tion between electron states, caus- 
ing the device to turn on in only a 
narrow energy band. 
Actual use of the transistor by 
industry may still be years in the 
future because of other engineering 
problems to be tackled. These 
include questions of temperature - 
the device now works only at tem- 
peratures at or below 77 K, though 
rapid improvement, using existing 
technology, indicates it should be 
operating at room temperature by 
next year, says Simmons. 
Another problem involves 
designing millions of such circuits 
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on a chip, as is currently done with 
ordinary transistors. Because of the 
Sandia device’s multifunctionality - 
it has three positions, off-on-off, 
instead of the normal transistors’ 
two on-or-off states - the same 
amount of work can be performed 
with significantly fewer transistors, 
and chips would have to be com- 
pletely redesigned. 
Transistor design 
The technique relies in part upon 
the dual wave-particle nature of 
matter. ‘In the device, two GaAs 
layers, each 150 A thick, are sepa- 
rated by a 125 A AlGaAs barrier. 
Ordinarily, the GaAs electrons in 
one layer would not have the en- 
ergy to breach the barrier and 
reach the other GaAs layer. But the 
tiny thickness of the AlGaAs layer 
causes the electrons to behave 
like waves, which can poke into 
the barrier. 
When an electron is adjusted 
to have the same energy and mo- 
mentum states in both regions - 
something that can be done by 
applying a voltage to these 
regions - it can pass from one 
region to the other without any 
scattering, as occurs in normal 
electron motion due to crystal im- 
perfections. In effect, they tunnel 
under the barrier fence. 
Previous attempts at building 
tunnelling transistors had been 
made by researchers who created 
layers side by side on a surface. 
This proved too difficult a task for 
current technology to manufac- 
ture accurately at 1000 A or the 
even smaller dimensions neces- 
sary. A novel design change 
allowed Sandia researchers to 
stack all DELTT layers vertically, 
using molecular beam epitaxy 
(MBE) or chemical vapour deposi- 
tion (CVD), which enabled single- 
atom layers to be grown. 
The project is funded by 
Sandia’s Laboratory-Directed 
Re-search and Development of- 
fice, which funds speculative, 
defence-related projects, and the 
Figure 2. The epitaxial layers of the DEL77 transistor are sufficiently thin (0.25 pm) that light 
can penetrate them, rendering gates on both sides of the device visible. The top and back 
depletion gates allow independent contact to the two electron layers, while the top control 
gate turns the transistor on and OK (Source and drain contacts are outside the photo margins.) 
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Figure 3. Schematic of the structure of the DELTT transistor. Electrical contact is made to the 
top quantum well (0 W) only by the source, and to the bottom Q W only by the drain, in both 
cases accomplished by using the top and back depletion gates to remove electrons from the 
0 W one does not wish to contact. Tunneling between the two QWs occurs only when elec- 
trons in both wells have identical momentum and energy; which can be controlled by the top 
control gate. The total thickness of the semiconductor layers is kept less than 2 pm, allowing 
the back depletion gate to be brought close to the QW and the entire device to be made 
small. At left is shown the energy band diagram of the structure, contah?ing the two QWs 
separated by a thin tunnel barrier. 
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Defence Programmes. Sandia is a 
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operated by a subsidiary of 
Lockheed Martin Corp. With main 
facilities in Albuquerque, and 
Livermore, California, Sandia has 
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national security, energy, and 
environmental technologies and 
economic competitiveness. 
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